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BACKGROUND

Free-swimming schistosome cercariae penetrate the tegument of the vertebrate host.

Their infectivity, that is, their succes in penetrating skin and subsequently maturing, is

related to various conditions to which they are subjected during (1) their development in

the snail, (2) their activity in the free-swimming environment, and (3) their adjustment tc

their postpenetration milieu. During this phase of the life cycle, several steps occur about

which our knowledge is incomplete: cercariae emerge with variable infective potentials;

penetrated skin is altered; the parasite undergoes extensive developmental changes; and

immunological reactions are stimulated. It is probably during this time that the parasite

is both susceptible to immune attack and involved in the stimulation. of protective im-

munity. It follows that understanding the details and ramifications of the process by which

cercariae infect their hosts and the means of modifying this process are fundamental to

work aimed at protecting hosts against infection, which is the purpose of this contract.

Studies have been conducted on 4 aspects of this program.

1. Effect of Different Snail Exposure Levels on Prsite Development in Snails,

It is necessary to know what mail exposure levels best maintain development of the

parasite and provide the largest cercarial collections most efficiently.

METHODS

Previously, 8-10, 6-8, and 1 miracidium per snail have been compared in this regard.

To complete this series, for 8 consecutive weeks 150 snails of the Nmri line measuring

the usual diameter (5 to 7 mm) were exposed individually each week under the same condi-

tions either to 8-10 or to 5 miracidia each. From onset of patency to death of the snazils,

cercariae were collected twice a week. Records were kept on a total of 2400 snails: p!zr-

centage of exposed snails which became infected; duration of patency; and snail dea.-1S0
during both prepatent and patent periods. I J. W 14
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RESULTS

Average daily corcarlal production Is graphed In Firuro 1, The overall average for 5-

miracidlum snails was 2582; for 8-10.,niracidium snal., 2323, Reducing the number of

miracidla to which each snail was exposed front 8-10 to 5 did not reduce carcarial pro-

duction.
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Death rates of the snails, both during propntoncy and patency of the snall Infections,

were slightly lower In the 5. thim In the 8.10*lnlracidluln unalls ('L'able 1).

Table I, l'rcontaAo of Prepatent anJ ,atent Dleatha Among fluallo lxposed

to I or 5.10 llrsadia Each,

I3fPLIfCATION PIIIPAYIIN fllA1l11 DrATHlR/Cl:NlAf Af, COLL!AfTISON DAY
I.IHIN I-low

I"- sco.iu,) 14(fl.22

2 4 12 6(0-21) 19(4.10)

1 2 4 52(o.l,) 51(0.20)

4 5 29 11(4.4s) 11(-31)

6 6 14 1l10.03) 3l(0-55)

6 20 is 1(0.6) 4(0.10)

7 20 10 t(o-02) 17(p-32)

* S2 14 6(0.12) 4(0.5)

Overall i 6I S 12

'The levels of snail exposure lied no appreciable effect on the percentage of exposed

snails which bncfnto Infected and produced corcarlac (Table 11),

Table It, Percentage of Snail which eaine Infecte after Zli'.ure to

S or 3.10 Niraidia och.

RIPLICATION . INTFRClEl) 5?IAILS
ill 1-10,4

4 75 6A

1 57 44

6 45 76

77 90

5 66 55

overall 70

DISCUSSION

Several facts emerged from this experiment: reducing the level of exposilre ofl iill

under these conditons did not appreciably change nny of the pnrlmiterx, although pitient

and prepatent death rates were a little lower In the 5.miracidium snails.



Tho finding that coroarial production was not affoctod by th number of miraoidla
used here for snail exposures Is In line with the observation in this laboratory that as a rule
not more than 2 prinary sporocysts wore soon In a snail whothor exposed to 2 or to many

nilracidla, It appears that there Is a mechanism for limiting Che number of miracidia which

develop concurrently into primary sporocysts in those snails,

CONCLUSIONS

(1) The moans by which a limit is sot oi the number of primary sporocysts which

develop concurrently in a snail should be explored, (2) The efficiency of our corcarial

production would be improved by reducing the ixposuro level from 8.10 to 5 mir,,idla

pcr snail, since a groat deal of time and effort would be saved,

4

2. Rnidamioloalp nl ifcfesoncol In Tntrnnecific O.orrnthIenl Rtriin of
Sehiftoaoma rnnhnt.

Suggestions have boon accumulating that geographical strains of S. mansonl may differ

in terms of epidemiology, morphology and virulence. We have tested opidemiological varl.
ations In two strains of this parasite with reference to cercarial production.

METHODS

The schistosomo strain was maintained in the snail strain In which It was collected from

the field, or in this strain mixed with another. Two strain associations wore used: PR 1

schistosomos in M line Biomphalarta glabrata; and Nmri schistosomos in Nmri B. glabra o,

Both of the schistosomo strains and the M line snails wore from Puerto Rico. PRf I was
collected i M line snails in the vicinity of Arocebo in 1950 and has boon laboratory.main.

tained in the progeny of these snails since that tie. The Nmrl S, inansoni strain came from

eggs in the stool of a Puerto Rican boy in a school in Washington, D. C. early in the 1940's.

The Nmri B. glabrata snails are of mixed origin: to the susceptible pigmiented snails brought

originally from an unidentified location in Puerto Rico in the mid-1040's, was added a sus.

coptiblo albino strain from NIlI. The latter resulted from a cross of the susceptible pig.

monted PR, i snail with a resistant albino snail from Brasil.



Snail exposure and maintonanco conitions woro the sumao for both strain association$.,
Onails were indlyv1dually oxpiosud to 8410 inlracidla ouch anfd keapt tit 27 * MC Aftcr cor,
arlul amorgunco beg~an they woro housed In the dark, The~y were tadoc individually for

clocarial omergonco from the' 4180 day li7otoxliosura by putting themrn it a lwrghtly-11ijited
wtirm, box at 33 to 34C fromi 7:30 to 10:30 A.M, Corariic woro collected o~nce or twicei
a week under Clio sama condituns, Tho total corearinl collection was OaluituILIdC from colints
of four 0.23 ml aliquots slid tiw average numiber of corcarlaw per onail wits rcscordad,

R~ESULTS

Data are graphed in Figurel 2, Daily curcarlal output by. Niri sahistoiomn In Mimri
snal.s was About 8 tion a high cis that by 111 ochistosonias In M line snails throughout tho
10 month, comparison, except during May and the first 2 weeks of Juno, During thim periodi,
carcarial production by tho Pfll.M lino combination incroused almost to tiw leval of that or
the NmrI, but It was not nustalned.

FlIgro 1. Competrative Proeuelvifty ife terms of the ovetroge dolly frenrial SoIji or PAl I M line an~d Uwrl.Nrl SCIOIIIM40MR Mnn~s@nI in 111
* k'~.Ordiilltog Average i I f deere/~aIcl~ i ndy; aPoeos ersilclelndy l7)a zVSAiHline of
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DISCUSSION

No oxplanatlon Is at hand either for the difference In productivity of corcirlao by tho two

nssocirtllonA or for the temporary Incre ,jc in corcarlal ouptt by the 'll 1.M 1i11 11sucintiLon1

in the Spring. The fact that thore was such an Increase suj gosts that productivity might
havo boon modified by environmental chag=es, but none has boon recognized to hav o-

curred. It seems more probable that the level of productivity Is Inherent In the usocildtion.

Dittit should be recorded for other strain associations of S. manoi:l and snails.

CONCLUSIONS

Corcaulial productivity by various strain associations of schistormns and snail hosts

may vary, A baseline level of productivity should be ostablishccl for the various pitramitu

strains in their maintonnnco snail hosts.

(with Drs. David Dean and AlIIn Cheover). Attempts atre in progress in several laboratores,

including our own, to develop an effective vaccine to protect man against infection with

this parasite, io in essential to know whether hitraspocific geographical strainz will cross

protect, Capacity for cross protection has boon tested in severl trials, If strains arc cross

protective, a monovalont vaccine will servo. If they are not cross protective, a polyvalent

vaccine will be required. The capacity for cross protection has been tosted preliminarlly

in several trials,

METHODS

In one series of oxporimonts, 135 NMI, mice (NIII/NMIL (CV)) wore vaccinated with

about 500 cercarlino which had been attenuated by irradiation willh 50 kIt of 0 0 cobalt.

The corcarlao were applied percutancously to the mouse tails, Six to 8 weeks later (he mi e

wore challenged porcuta eously with non.Ilrradiated corcariao. Hight weeks litter the worms

were porfused from the mice and counted. All worms were from the challonge expostire,

linco the attenuated inimnitina cercariao do not live to main rity. Schistosomo si ra hs

tiged tre shown in Tables 3 and . The numbers were com)are(d with those from clean .nice

exposed concurntly with the challengo exposure of tho vacchinatd mice, id the peront-

ge reduction was cilculaito. (Tle 3),



In unothor Peries or oxj)(irimnuntn, protuation afforded Wooa by it chronic Intcttsion was
lihidield. A miilaur numbor of COM1I/IKNif Woo which fill( chronic infuotlonx of , Inmmil

weru cJJIllIMILt with 130 vorcaIrhao 10 weu aftor Lho hIinia (IxposuY, TIhoy wore jurrimicd
4 wopkff nf(or MmIrthinge, Worms of InIOi:, idr rhlcnge InfeeThnno wi'r Ide lo~~hd by nI',

Worm burde'ns of experimental and control mico woro coiparoci as abovo, Straino unced uro

shown in Tabio 4.

ThIsULTS

'rho tubtfifliono (Tuhilom 3 and 4) promont tho findings. As Individtod by bhtnico In Tablco 3,
experimts itro 01 in progrum, Dluguuiuls suw homliogotia stritin proteccLkmn,

Tasble fit, Pvofeeuiun of 111iI/ml (CV) Hc@ Yuqfleo With

lrrailstad Coeearla of five iti((romI nfrA0111iifie ~AIR of

Lamp !*j!4tpoj as IPxitrissJ Ioy Pwrsaentago U~dutiu' of ChA1irn,9 haro, IN14#111,

lA~snl~lN ~CIIAI,Lr'JI STPAINA
UTfP.AINS PP. I PA If 1)i M~IY"I A' MWrl

TIs It

Nmrl

Tabl iV. Protection of CS7SI/bO 0040 by Chronic Infelt ono viwP' I0ifferent

leIrrspi tic Strains of WJjLqjp,.np~jIE lipas ki'rfAS.J by Percinlago

Reduction of mlbnse wor" Piirdtntt.

I14UNIZINO CJIALUMPE; M~AINS
CTRAINO PITAID' MRIA P1t

PITAIC) 24

1,07T11 h 61

"Clik 16 A



GOeu' j)rotacLiof wam nfrdud tho C07 1hi1100iu by CIhI'c1m1 In1fOOL1oii9 thnii1 LIM

NMIU mIicou by vain~iitloii, with tho mtrihm tiund, With~ chroic i retloom, huoloogoug

mtrain IrotulIoi wag it littio greater thui hicutuologeoun, WIth viuivchuulon, hot.rologoug

Amriln p)Ioftwt(i wit Ih abhou t thu Atinki 1 1H hoI(jIologiIh, wiLth tho Ifloftible oxcuujtlm of Ulu

Egjyptian mlidI 111% 1 stritins.

Thim work Jo incompleto. Discuuson and Conclupiong sm'om tiwurrm Loci tt thig Uiro,

Iuudicationti tire, howover, that croms protection can Im he (xpectoc with soino of tho conibinu.

tiong,

PL~JJ.Q12~(I~wJ~r211.(with Dr. Carolyn Cousin),
Our curhioin work showed that trunurormadton of punotratini; coreiryito (in vivo) into

SuibigtomOnlkll WOrN coinplot within I hour Insofor its tho foutturos MiltAdd were concornvd,

In conirat, gohistogniukgm produced by other inanng (in vitro) Crrugforrnod monu olowly

(Coumin, StIrcswa1l and Dursay, In premb. Experlnal aa!.owlology), It ig our lan to gvt

upI it compaIrative tirno tuble describing transformation of Clio varlouSdy-derivol' gehlstoco.

nittles,

METHOD1h

Scistoooniosi were propnred bjy tho iipproprlnto tirIicial mothod and cultured in

BLAC (lactalburnin hycirolyeato In Utrilm Knits) aIt 87 C In C0 2/nIf for tip to 5 (la1yu. At,

1, 0, 24, 48, 00 und 120 hr., orgunisms wero fixed, stnnch, sectionod and tiied with EMP

Wi dolorihod In AnnunI U~port No. 4 (lPY 79), Thoir dcivolopninto was compared with thal,
of In vivo pootptinetration lzwvaa.

Methods for mchlstosoniulo preoputlan wore as follows. Iiu 'ho -- cerenirine which had

ponctratocl mouio cr in in sitit wore rocovoreoi froin the oxoig'd mhlin after ItW unnerntion,

Hat 0101i - abdomintil ukin of young female rats wao oxclsod, tho dermis removed, mnd

tho tiki criod ovarnight in vacuo at room temperature. In a mulitbo aystam, corcnriac wore

applied to Clio gkimi urimue, 'allowed to ponotrate and colloed in lXlJC (is schlstosomulas

(Stirewt mid lFrogoitti 1000).
Shonr - corcarlue wore pflmIIed 14 to 10 times; throug~h a No. 22 1(ougo inject ion noodkv

fittod on n (0 in] oyringto, and culturod In HLAC tt 37 C for two hr, (Collby and WIkI

11)74),



t.,xec mid vuured Ii KIACO tit 37 (, for 40 11111, (Oavxiinull I liu 1 974),
(.:ini lix - vrv'nrine wort, Olrredi III fil 0~Ii limaix nIIIXIr uodirifid II di11 iol of i

bi1111144 J)IUp lublldo for 11ty inUatl tmm, Mimbi wit fu) 7 ovilL (lit euodIilm', * l'bil;. Om'I'll
h~mN %yore~ Ineuhalu t i 1-AC lit 37 C for 2 hr, (1)orouy and Ooumlm Ii ;troeiN. JoOIi of Para.

Hout gownim - corearlatf woro anmtr~ftifd tind lmmba tod for 3 hir, Ili 00 rat terum I n
IAC, lit 37 C (Ev~hend nuid Morpo 1,076),

140101 of IIWNO txplntilflifit wily (IoII4 with lit )hfllml 3 (Iifforent poolK of coriin~, tIIli
20 to 6,0 metrorlav cach thmo. Orgnna of m'ioli cdoriviifloin %erv WAVO' for App~ or fruan.
frnifitiO by 010 JAnr1imot41r JINIod Ii Tanble 5, The, fin', strucuralni dugc'nlptiong whielt i'ulvo
boon coikiOtd are outlined In Tfibh, 0.

lriul.i ida togtil o~(f tiht lle of trang(ormation (if iiwhIotoinuleg derivad atificl~1y
And1( comnipiilioii of thteni with In vivo j)poomtration scltitfu lotI(h tund uormilatw~o 1

Calmuhuiod (Tall V), Datei Ii Clio for riliht column Icind Ithc, bottom IIno hiVc been fldtd (o
Chu Willo oimo Aimiul Reort No. 4. Itll vI)(# o od that vervareeo which ponotrowud ta1ihi
in OiuL on it living huxt or Ii vitro us oxclood ihric rut Ain dIcvelopLd tit pom-dftidly tho uiowid

rofo, Agooueuront of schlotobomuIlW' ontup by tile ifr'imotor hto Ii romohe v crmig
otilor Indicaions Chili c'vrcolo sthunulated art ifliay lo trrenhorni withmout Akin pone.
trittlon id s1( o, but tho cho,,ioug occurred more slowly, Sehiltoopomulex of nil derivittlono

weo a~ble to maturo ier ijoctimi Into) nlco,

TAMP V, COoparutloCu.esIq oif oe'tmire (if Of~ V*IW4 DIFF1erlvtI1rt

No IlPqtrd by' the Par~fielprA IleiI~,

pArumelar Cori In vivo RAI Rhin plifir Wo~rtf 1" (nium Phi 11frog

14o1rng N min 41 hr 72 by 41 hr >72 hr 41 hr

Cliff"
CAP41111Ilo I V 00 1 I b r 1 hr 10 hr 4% Mr lotr

24by9% 0% 2% i

Illt0 191VS 20 hr by 40% lit 4%

Inettn14 hy Mil l0t lit 01 01 4%



'I'iiln~o IIIitof thn I(' i u I(t IPof MIuhPI)JII1uft lIn In Sov lnb M In)f1I O ~nk Mu unrti plus ,
tradton) lii vis()1loteI III 'I'Il( VI, I'xvepl, for two 11(lc(111,1011l ittuaIln tQ I1f~1")tII i Iiii
i natlon rind chni, or (,oil nuclel fro vocaki lQVW ivi v rochroin iny to I un ou'I IromIliy 011h11,11.

uteritio of mch lptonomiltig BoIoth on'i 'u md III III vivo ti' ', mlo4O iili'ii wit %1,11 In hri
Study of the Mill ducuridoa f-honj(4,i lIit rt lfkilly-driwil nchiNI oomth- whit li wuir(

CuIltuIred III vitro through 5~ (JInys. wa Iui 1yod by 1k' findiir thut our ' (!uAre ifI-lii1 N-ags
Inadidot( to Rilptitrt (ie orgaiuiwiiiii Triwmfrormhii c ultuired mI nIIntH I htugim In show veni.

cuutliin NILhII li hrIi, and I-Alobt (IlmPl with' in Ah 0 duy uutilu ri purknI . A now ti d sairknetory
cultiiru syot (iin, t hat of D~r, Paoul i.mnoli, hom btmw udophlO itNet, rloi of nsmntr pressure find

(ufI ~fi~'~.fip(!Il ir.'HlhiptnelIiimiluls eulitured throtih 5~ ityq tiro InI jroveoi or stiiidy,

Shunir prowiiti ~'Im t Oftc lCldoidnfIrollasIl Ah trununn'nilunal schwhulo of In A'va a~hsLat.

voinukiK niorp clonely thi thono of othur urtfi=a dodiut loo (.Xvopt rnt skin orpulnn.
They pilevd I II vivo I ranirfurinatIon ah anueynud by Iwp lain initiIni I (f Ih lie~ a n i np i~ otinc

(1 hr.), toguiimuntrl infold ing (48 hr.), uidr toguintoIly dirualud e'tilmun of oyton Imunul''o

(I hr,), Chunn fromiittvrochroinii'l to otichrontindeI nudW', hotwuver, wtks deloyod in the
utrtltlccitlly flutive'd urlinifloino, Thic di not, nclar until 48 hrs. In Mhonis proolturt' AchMo

suniion no unipunil withi I In, In Ini vim),
Fromt the %wsdtl of ,norpholoaIu-ol deisi'MrItloi of trii'nkfoiinittiji of cerccirlne to fichsto.

Noinuhiu In WI.o ('I'aIlh VI), overn! piwirzrntr Wae W~'i Mt neved( its crlticul Indicators of
trii4rurn-tlou, ThnaI W~l bn ownplitwizedc In Owl conthnud eomnpturIoo or latter duvolopjrni
of ul fitkild y-derlvi- c rteloboni', h': Purria inani trw il lwptnlnm inlon ; I ojunwnfi l In.
folding;~ inoilifictiton of tho Wlwoulyx no W WIct~ biy Iopo oft ClI lt cupaity (the Ag/Ab
ruactlon which rusulto Iht Ilict noroPunvoLoUII firound vuerincl); and fit, nuclear ctaitga fromn

botro t oclhontiewy
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In the course of the year, two new procedures have been developed which have contri-
buted materially to this work. One is a simplified way to induce cercauiae to transform to

schistosomules. Cercariae were centrifuged x l0OOg at room temperature for 7 rinm., the

supernate discarded and the organisms incubated in ELAC at 37 C for 3 hr. They remained

tailed, but the bodies satisfied the requirements for schistosonmules.

The other new procedure is an additional way to distinguish schistoscmules from cer-

cariae, i.e., by freezing. It has not been possible to freeze cercariae, store them in liquid

nitrogen (-196 C), thaw them and recover any in a Viable state. By contrast, about 90%

or more of schistosomnules so processed are viable; up to 70% are essentially normal in ap-

pearance and movement.

DISCUSSION

Apparently, cercariae transformed to schistosomules under a variety of condition,

for all the methods tested produced transformed organisms. Transformation progressed,

however, at different rates with the various methods. In terms of the 3 parameters used

in Table VII, the cercariae changed fastest after penetration of skin, whether in situ on a

living host or in vitro through dried rat epidermis.

Phu

Table VII. Ranking of Variously-derived Schistosoma manso i Schistosomulcs According

to the Speed with which Three Specific Changes Occurred.

WATER LOSS OF CHR GLAND

INTOLERANCE CAPABILITY EXHAUSTION

In vivo In vivo In vivo

R Rat skin & Rat skin Rat skin &
rat serum rat serum

Centrifuge/ Rat Serum Centrifuge/ A
vortex vortex

Shear Centrifuge/ Shear &
vortex Omnimix .

Omnimix Shear &
Omnimix

_ M-2



That schistosomules were eventually produced by llmethods studied, is important.

When this assessment is comleIte, methods of cercarial conversion can be chosen rationally

in ternt -)f the type of organism necded. Two more types of -chistosomules remain to be

examnined: those produced (1) over skin Surface lipid and (2) after centrifugation only.

The. obvious next phase is a sorting out of the steps in each method, to identify the

transformation triggeLr and to de.,cribe the r-esponses of the organisms and the biological

mechanisms of change. Clarification of these mnay open new; avenues of control of the

disease by preventing transformation of cerrariae to schistosomules.

CONCLUSIONS

Schistosomulps mnay be produced from ccrcariae by many different methods. Rateb of

transfor mation vary with the method. The key to the transform-ation trigger (s) and the

organismps'i mechaniisis of resp~onse shouild he identifEd
Z
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_4 SIGNIFICANT ACCOMPLISHMENTS

1. The most efficient exposure level for snails, using Nmri strains of Schistosonw iansoni

and Bionphalhria glabrala, was established for our conditions. It was 5 miracidia pc. snail.
Cercarial output was not increased by raising the exposure level.
2. Intraspecific strains of S. mansoni were found to vary in cercarial productivity. PR 1

S. mansoni in M line B. glabralta provided only about 1/3 as many cercariac/snail/day as

N'nri parasites in Nmri snails under the same conditions.

3. Cross protection by intraspecific strains of S. ,nansoni was denmonstrated in mice. Among -

the strains used for immunization and challenge, there was some variability in the level of

protection. Greater protection was afforded mice by a chronic infection than by vaccination

with irradiated cercariac. 3

t 4. Cercaria-schistosomule transformational morphological changes have been described in

detail under natural conditons. These changes occurred in the parasite surface, tegument,

tegumental secretory cells, body cell nuclei and digestive tract.

5. A new simpler method of producing schistosom iles has be-:, developed. it consists

merely of centrifuging cercariae and incubating them for 3 hr. at 37 C in a culture medium.

6. An additional criterion for distinguishing schistosomules from cercariae has been shown

to be the capacity of schistosomules to recover after storage in liquid nitrogcn (-196 C). I
Cercariae handled similaxly die.
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PLANS FOR THE FU'TURE

I colneEMsuvo th Inompu gica.. changcs oct Jrring, in viluo from 24 to 1201hr.

as cercariac transfom to schistoo~ie) safter artificial stimltin

2. Describe chemically and biologically thle anftictrcarlij effcct of rutiffer-conditioncd water.

3. Conitiniac study o)f thc,, most efricicu~t teChn1iMUcS for high-ic~e ,i pokction of SFcizitmna

mazsom e cariac.

4. Test an in vitro mo-Icl .ystem for .btuaying zncch-misi. ,of ci afial pwcetvation: Nite~x

screens ow oer suitaible , tificial ' rc

5. Ana, the iransfon at~ion trigger and the par sit e io wOJNed in Ih cercra

schist'osomnule conver~slon

6. Expand the cross protcction studk s usig cercariae of^ other strains than PRI for thle

immunizing strain.
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